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THE SWELIv CLIMATE OF THE SOUTH AUSTRALIAN SEA 



by M. A. Hi MI nr & J A. T. B\TC : 



Summary 

III. Ml K. M A, <X. flvi . .!. A. I. i lOOf)) I hi? Swell Climate of llte Small Ausiriihuli Sea. 7 W>/aa H. ,S nr S \n,\! 
12.V 3). 107 1 1 C 30 November, 1000 

The Southern Ocean swell coniimmlly impinges on Sou ill Australian coastal waters. In this study we present 
simple formulae wliic \ predict rlK* swell height at several hujalimix in llie Smith Australian Sea I'miu swell height 
Oulu m the open sen south ol’ I viv Peninsula, which are available in real time I'rom Ihc Bureau of Meteorology. 
I ht predictions are based on the stale of the art Wave model SWAN, and mdieuk- dial ihe major factor which 
dek i mines the eoaslal swell climate is llie direction of approach »>f the open ocean sw ell. Horn those predictions, 
holtom orhiial eummts can he computed. which are a fundamental factor tit llie marine ecology ol the South 
Australian Sea The formulae can also he used tat own risk! on n routine busts In manners and sitrfeix 

Ki v Wnuos: Swell, marine ecology. South Australia. 



Introduction 

The swell generated in the Southern Ocean south 
west of Ausiialia has boon recorded to he the largest 
of any in (he world's oceans (Chellon vt al. I Ml). 
However, the swell in the semi enclosed waters of 
South Australia is generally considered insignificant. 
This transition between the open ocean and coastal 
waters controls many aspects of the South Australian 
marine environment. The seasonal rhythm for I le 
swells is a reliable signal on which the marine 
ecology of ihc surf ionc depends. Southern Ocean 
storms also from time to lime produce exceptional 
swell events which ventilate the interior ol the 
coastal seas by the intensity of (he holtom orbiinl 
currents that they generate. This study shows that the 
elTecis of swell can bo reliably estimated, and 
provides i\ simple predictive formula which can fx* 
used by ecologists (o classify marine environments 
and also by manners and surfers tu make real time 
forecasts tor a spec d ied coastal location 
Specifically, we investigate the swell energy hand as 
ii propagates from the open ocean south of South 
Australia (I'ig. ban into ihc South Australian Sea 
il'pj l(b»). which comprises (Bye Wb) the semi 
enclosed waters ol Spencer Gulf, Gulf Si Vincent. 
Investigator Strait, Backstairs Passage and 
Encounter Bay. extending om over the continental 
shelf to the ?( M > m contour hounded to the west by 
Gape Carnot and on ihc oast by Cape Jaffa (big. 2>. 
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big. 1 (a). Example of open ocean swell observed in Hie 
Southern Ocean, from RV Southern Surveyin' 
(photograph: CSlRO Marine I aborutmies, tlohan) 




brn. 1(h). Bxiimple nl swell upitruaelutig llie bczich Weo 
Bay, Kangaroo Island in hebiumv IWK. 



[08 



M. A. HF-MER & J. A. T. BYE 




Fig. 2. The South Australian Sea vvilli poinls of interest as mentioned in the lest. \, - indicate the positions of forecast 
[in mu Inc listed in Table E R» show wave observation .sites. 



Wave Data 

The only extended series of measurements of the 
Southern Ocean swell along the South Australian 
coastline was conducted hy Stcedman Science and 
Engineering of Perth, Western Australia, between 
May and October 1984 at seven measurement sites in 
the Great Australian Bight. These data have been 
analysed by Pro vis & Stcedman (I9S5) 1 , who noted 
a reduction in significant wave heighl by a factor of 
about two as the waves moved from the deepwater 
wave recorder in 1150 m of water, across the shell 



1 PkuVK, D. CL 8rri oman. R. K. (1985) W:nv rueiKHiemonu hi 
ihc Great Australian Bight. Paper presented at Australasian 
(VinlenMiee on C’oasJal arul Omni Hngmecniii*. lt*.Anst.. 
Clir isithureh, NZ 1 985 (uiipnb.). 



towards ihc coast to the shallowest wave recorder in 
26 m of water. Significant wave heights in excess of 
5 in were recorded on several occasions, and waves 
of over 10 m were, recorded during a July storm as 
far inshore as the 75 m depth contour. The significant 
wave period remained almost constant at about 15 s 
at all seven measurement sites. This period js very 
similar to the dominant swell period (16 s) in the 
classical experiment of Munk et aL (1965) in which 
swell was observed to travel across the Pacific Ocean 
to Alaska from Southern Ocean winter storms, 
almost without loss of energy. 

An interesting feature of the measured open ocean 
wave spectra is that they are uuimodak i.e. there are 
no distinct wind sea and swell peaks. Only at times 
of very low incident swell were separate peaks 
observed. Young & Gorman (1995) suggest that the 
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proximity of the site to the Southern Ocean storm 
belt does not provide sufficient time for the 
wave lie Id to disperse and a hi modal (wind wave and 
swell) wave spectrum to develop. 

No open sea wave measurements appear to be 
available for the summer season, but in April 1998, a 
new series of wind wave and swell measurements 
was initiated in the South Australian Sea and the 
adjacent Southern Ocean using electric field 
measurements (Hcinson cl al. 1998; Hemer 1998 2 ; 
Hemer et al 1999), The details of this program are 
reported elsewhere, btil for our purposes an important 
feature was the near simultaneous observation of 
wave spectra on the Southern Shell and in Spencer 
Gulf with which the predictions of the wave model 
can be compared. Apart from these measurements, 




Fig, 3, Comparison of SWAN wave heights with the 
analytic solution of Nielsen (1983 ) for an incoming swell 
of period (T = 12 s) and height (H„ = 1,4 in) running up 
a plane of slope 1,125 x 10 3 with a quadratic bottom 
friction coefficient, Q = 0,015. The abscissa is die ratio 
of the water depth (h\ to incoming wavelength 
{gV/2n) where g is ilic acceleration of gravity and the 
ordinate is the wave height (H). The SWAN results (x) 
are computed on a 4 km grid 

Hi'MKR. M ( 1998) A Wave Study of ihe South Australian Sea; 
Prediction. Observation using Electric Field Measurements, and 
Application to Sediment Resuspension Processes. BSc (Hons) 
Thesis, ‘Hie Hinders University of South Australia (unpub,), 

< Byi , J, A, T„ Gunn, B, W. & Nikpau. C, V, (1975) The Wave 
Climate oil Cape Jervis, South Australia between June and 
November, 1974, Hinders institute for Atmospheric and Marine 
Science Research Report, No, 17 (unpub,), 

+ Cut.VhK, R, & Wai Kt R, D. 0981) Redcliff Wave Atlas, The 
University of Adelaide Department of Civil Engineering report, 
(unpuh). 

ri Walki.R, D, (1989) An Efficient Wave Hindeasting Model, 9 L5i 
Ausl, Conf, Coast. A: Oe. Engng, Adel,, 4-8 Dee 1989, 117-121 
(unpuh,), 

1 SWAN (1998) SWAN web page, http; //.swan, ct.tudeUt.nl 



wave studies in the South Australian Sea (Bye et al. 
19754 Culver & Walker 1981 4 ; Walker 1989*) have 
usually neglected the swell signal. 

The SWAN Wave Model 

The SWAN wave model (Simulating WAves 
Nearshore) is a directional spectral wave model 
written by the Coastal Engineering group of the Delft 
University of Technology, Netherlands (Ris cl al. 
1997 ) especially for coastal seas In the formulation 
of the model, many wave propagation processes are 
implemented. These include wave propagation, wave 
refraction due to bottom shoaling and refraction and 
reflection by currents. Along with these effects, the 
model also includes generation of wave energy by 
wind, dissipation of wave energy by whitecapping 
and depth induced wave breaking, frictional 
dissipation due to bottom drag and redistribution of 
energy over the wave spectrum by non-linear wave- 
wave interactions (SWAN I998 fl ). Limitations of 
SWAN are lhal it does not account for diffraction or 
reflections, and hence it is unsuitable for regions 
where wave height variations are large within a 
horizontal scale of a few wavelengths (Ris et al. 
1997) and regions of ‘steep beaches' (i,e, cliffs, 
harbours etc.) SWAN is therefore a ‘state of the art' 
model for the present study of the propagation of 
swell into the South Australian Sea. It is important 
however to carry out two basic checks on the model. 

Firstly, the analytic model of Nielsen (1983) was 
compared with the results of the SWAN model over 
a plane sloping bed under variable conditions in 
which a plane wave w'as propagated into the domain 
at the deepest end (Hemer I998 2 ). Figure 3 shows 
that, for a typical swell period of 12 s, and a 
quadratic bottom friction coefficient (C ( ) of 0.015, 




Fig. 4. The swell wavefield in the South Australian Sea 
predicted by the SWAN model for Cr = 0.015 and D t , = 
230°, The contours show normalised wave height 
(NWH); contour interval 0 r L and the arrows indicate the 
direction of swell propagation. 
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Mich as would occur over sandy beaches (Jonsson 
1966), the analytical solution and the numerical 
solution arc in very good agreement lor the grid 
interval 4 km. The SWAN model simulalions 
presented below are run on u uniform 100 \ UK) 
rectangular grid of grid interval. 4.5 km on which the 
hnthymetry was taken from the Australian 
Geological Surveying Organisation ( ACiSQ) 30 arc 
second digital file. Secondly, we compare the 
predictions of SWAN lor swell propagation into 
Spencer Gulf, with the April I99K wave observations 
and the predictions of the Bureau of Meteorology 
Soul hem Ocean wave model (WAM) which is run in 
operational mode with wave fields issued at 0000. 
0601), 1200 and 1800 UTC\ and is available from the 
Bureau ol Meteorology (Bureau of Meteorology, 
1999 k IL is convenient to present the results ol the 
comparison at the end ot the next section after the 
SWAN model outputs have been described. 

Results 

Figure 4 shows the normalised wave height* 

NWH = h / h tli 

where M is the swell wave height, and H is the open 
ocean input swell height, and also the wave dinceiinn 
il'Ji for swell of period 15 s and H.. = 55 in 
propagating from the direction. D, - 230*' . It is 
observed that the swell begins to lose its energy as 
soon as it enters the region More energy is lost when 
the wave front reaches Kangaroo Island (Kl) with the 
coast absorbing the energy of stone directional 
components ol the wave. Large wave heights occur 
.it the coast of KL (NWII 0.9) close to the coast 
I hese icstilts agree with anecdotal observations of 
large wave heights on the southern and western 
coasts of Kl. 

Kangaroo Island provides a significant blockage to 
wave energy influx into fJulf $1 Vincent (GSlV h ami 
I he wave energy that enters OSIV is due to refraction 
as the water depth decreases and die waves “wrap" 
tnut Investigator Suan. becoming mute 
perpcudiculai to l lie depth contours. Significant los> 
of wave energy is observed with waves propagating 
eastward through UncktfUMls Passage. so t|ud almost 
all I lie wave energy due to swell in GStV originates 
Iroiu waves piopagaling through Investigator Strait. 

Hi ki • »i Mi ii dndi i rt o il*M<6 rSotfviu nl Mi i mm ili mp 
tnlp 'Vvn b< tin ,tn 

WSlA It' i - ft»i. •ipnih. ,i*il \«*,m fintfhnl, I *m\l !m flu p.'l Jll"M 

fl • vifiu m flit 1 1 F ".ihc whvl' pic^.v it’liillii' 1 * I‘d 7 i» 

Ihmvo. 0. (7 »v siujwn . K K 1 |VS5AVa\v Moouhniivill' m 
lliv* ta.uil Aiivmili.tr. Ri'iMi PiVTV'i Cv->oti.-l in Auxtiiilimaii 
* Mil.’iviu . 'ir. • *. >a i at min i >eenn laijtnu .'nil, tl .\m.t 
i lln .1 # IIIIK Ii f >* iliiiul. IVSV 11 input* i 



Waves at the head ol GStV. the western end of 
Backstairs Passage and the metropolitan coast of 
Adelaide all show wave heights less than H)'f ol the 
input height (NWII < 0,1). In Investigator Strait 
refraction is seen to have an died with the waves 
becoming more and more perpendicular lo ihe coast 
and the northern coast of KI shows icgions where 
waves have refracted more than ISO' from the inpul 
wave direction. Within the gull, a northward 
dominance of wave propagation still exists, but a 
significant spreading towards the coast at all 
locations is observed. Wave height is observed lo 
increase markedly along the southern side of 
Meurieu Peninsula, with almost no waves al the 
western end ( NW 1 1 < if 1 1 to significant wave energy 
at the Mm ray Mouth (NWII - (),<>)» Propagation into 
HncowniLT Bay shows very little refraction, dm* to 
the waves initially travelling almost normal to the 
depth contours 

The propagation of swell into Spencer GuH tSfij 
shows a continual loss ol wave energy I or wave 
height ) with decreasing water depth towards the head 
of the gulf. I urge loss of wave energy is ohserved m 
the vanous “shadow /ones'* of SG such as 
ILmlwicke Bay. Again clem evidence of »vltm bon is 
observed with wave direction becoming neai ly 
perpendicular In the coast in all regions. Within 
Uardwicke Bay. waves are observed to he 
propagating in directions rotated more than 90* from 
the input swell direction. In the vicinity ol Port 
Lincoln, waves are observed to have refracted by 
180 with waves travelling in the opposite direction 
lo the input swell The general pattern of wave 
energy in SG sliOWs a spreading and loss of wave 
energy towards the sides of the gull The south 
western coast of Eyre Peninsula shows very little 
loss of energy before reaching the coast On the wvm 
coa.M ol l yre Peninsula, however, the observations 
o) Provis iSl Steed man (|9S5)“ show a halving ol 
svunc height from deep water n> ihe coast Boundary 
elleets preclude a comparison between Mrnulaticvi 
and observations in this region hut a similar 
red iili ion factor occurs in the model in P neon mer 
Bay Islands in ihe opening to SG such us the 
Neptune Islands are seen lo block some w ave em*rg> 
from propagating into |he gull 

flic wave jM/nod of the swell remains at a constant 
15 s throughout (Jie model domain. This resell iv 
expected given that no Further wind forcing within 
die region is present. A reduction of wavelength of 
- 30 v; occurs within the gulf, due to die decrease itt 
wave speed with decreasing water depth (see eqn 
(5)1 From the model results, the maximum bouuiu 
orbital velocity, LL can also be derived iHcmer 
199S-), (sec cqn (4)). It is found that a balance exists 
hoi Ween the clceroa siny w>ivr hoghfk jind 
Wavelength and the decreasing vvutci depth, Fhe 
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Fiji. A. As lor bigmr 4. (;0 \ westerly swell D.,- 260 r< (h). 

A south-easterly swell. D.. - lf>0 . 

largest (i values (lor II,, = 3.5 m) of -0.5 pftr 1 (I 
knot j were observed in the shallow water of I he 
sooth coast ol‘ Kangaroo Island Within the gulfs, 
water depths were much less, hut wave energy had 
dissipated such that U values, 0.)5 ms‘ (0,3 knot), 
were less than hall ol ihe magnitude oil the south 
coast of Kangaroo Island. 

A nuinbtt of sensitivity studies (fleirier IWK : ) 
have been carried out by varying inpm model wave 
heights, directions, periods, hotlom friction and 
wave breaking parameters, and model runs were also 
carried out w ith a uniform depth South Australian 
Sea. Vaiiation of input swell wave heights (It,.) was 
found to cause minimal changes in Ihe NVVH 
throughout the South Australian Sea with slightly 
lower NWH (greater dissipation) tor a larger input 
wave height. Changing the input wave period also 
only had small effects on the wave heights and 
directions within the South Australian Sen for typical 
swell periods. 

The swell propagation is also insensitive to the 
variation ol bottom friction, such as might be caused 



over seagiass beds. In the coastal /one however, 
bottom friction is found to cause significant 
decreases in predicted wave heights, e.g wave 
heights in the surf /one arc approximately 25'Vr 
greater if frictionless conditions arc assumed for 
coastal 7 one depths less than It) in, Fi mill y, 
specifying the South Australian Sea to have a 
uniform depth ol At) ni gave almost the same 
reduction in wave height with progression into 
Spencer Gulf and Gulf St Vincent, as ti n the depth 
varying topography, These results suggest that the 
dominant source of energy loss in the South 
Australian Sea is absorption of wave energy a I the 
coast hy frictional loss in the shallows and wave 
breaking on coastal beaches irt depths less than 10 m. 
rather than any form of depth induced effect in the 
interior ol the sea. 

We conclude from these sensitivity studies that the 
major source of swell height variability in the South 
Australian Sea is Ihe direction ol approach of the 
deep sea swell. Figure 5 i Must rales the effect of a 
rotation ol the direction ol approach ol the deep sea 
swell, either towards a westerly or a south-easterly 
direction. A westerly swell penetrates into 
Investigator Sf mil, and is refracted into Spencer 
Gulf along the western coast of Yorkc Peninsula 
(Fig 5(a)) On the other hand, Investigator Straii is 
well protected from the smith easterly swells, mote 
typical of .Summer wealhei conditions* which arc 
refracted into Spencer Gulf on Ihe eastern const of 
Eyre Peninsula (lag 5(b)) This pattern occurred on 
April 20 1008 when wave observations were made 
in mid Spencer Gulf (Ri in Fig. 2». The observed 
swell height and direction were respectively. II = 
0.13 in. and D = 230". whereas south ol byre 
Peninsula the VVAM model predicted t.hc swell 
height and direction. II.. — |,8 maud l> - 100 front 
which NWII -0.08 The SWAN model prediction 
shown in big 5(b) yields NWII = 0.08. and 
direction l> - 223". in good agreement with the 
observations. The accuracy of the W.AM model was 
also assessed by comparison with observed wave 
data obtained south of Lyre Peninsula on April 10 
1 00, S <R- m Fig. 2). The predicted swell parameters, 
H„ — 1.5 m and |)„ - 220' were in good agreement 
with the observations of If. - 1.3 ni and TX = 225 
(Hemet IW). 

We conclude that the predictions of the WAM ami 
SWAN models can be successfully linked to provide 
reliable swell prediction formulae for the South 
Australian Sea, which are presented m the neM 
section. 

Swell Prediction f ormulae 

The isolation of wave direction as the dominant 
influence on normalised wave heights (NWII) within 
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Tmux !. The coefficients of the swell forecasting formula (eqn (2)) and swell heights (Hi and maximum bottom orbital 
velocities (U)for swell propagating front the directions 230* 260* and 160* for various locations in the South Australian 
Sea . 



Position 


h( m) 


( x 10 *0 


aH *10*) 


a, (Kit)-’) 


si, <xHH> 


an 


1. Tape dti Coucdic 


47 


-(>.8842 


6,3800 


-2.2070 


3.3862 


-18.512 


2. Cape Catastrophe 


50 


-68.622 


58.400 


-18.517 


25.781 


-132.24 


3. Flcurieu Peninsula 


27 


34.J50 


-27.410 


8.0454 


-10.190 


47.388 


4. Franklin Harbour 


11 


12.867 


• 10.71-1 


3.2704 


-4.3250 


20.088 


5. Mill Gulf Si Vincent 


35 


-2.2065 


1.8031 


-0.51453 


0.63910 


-2.02 10 


6. 1 lardvvicke Bay 


!() 


2.0027 


1 .7867 


0.58000 


•0.80486 


4.0507 


7. Adelaide 


10 


5.8435 


- 1.8575 


1.49 IS 


-1.0994 


0.0330 


K. 1 .mver Spencer Gulf 


46 


32.304 


-26.802 


8.1530 


10.(44 


50.701 


9. Investigator Straii 


36 


-7.7055 


5.0028 


-1.6607 


1.0085 


-8.8503 


10. Mid Spencer Gulf 


2S 


28.703 


-23.073 


7.3154 


*0.6700 


4(».,S7] 


1 1 . I'pper Spencer Gulf 


12 


4.2561 


-3.5376 


1.0781 


1.4241 


6.0002 


1.2. Lae ape Je Bay 


30 


8.2205 


-6.6782 


1 .0008 


2.1054 


0.0546 





fpMi 


HYui 


H 5 im 


IP. CM 


U\vi 




Position 




(m) 






(ms ’) 




1 . Cape du Coned ie 


4.73 


4.84 


3.85 


0.77 


0.78 


0.62 


2, Cape Catastrophe 


4.47 


4.52 


4.20 


0.65 


0.66 


0.<>3 


3. Fleuricu Peninsula 


2.01 


2.31 


1.03 


1.10 


0.87 


0.7 3 


4. Franklin Harbour 


0.73 


0.42 


0.22 


0.08 


0.56 


0,29 


5. Mill Gulf Si Vinceni 


0.36 


0.55 


0.07 


0.10 


0.16 


0.02 


6. 1 Ijrdwieke Bay 


0.50 


0.48 


0.13 


0.77 


0,74 


0.20 


7. Adelaide 


0.50 


0.63 


0.34 


0.01 


0.07 


0.52 


8. Lower Spencer Gulf 


3.44 


2.60 


LOO 


0.58 


0.45 


().)8 


9. Investigator Si rail 


1 .81 


2.76 


0.24 


0.45 


0.68 


0.06 


10. Mid Spencer Gulf 


1.63 


0.02 


0.45 


0.58 


0.3.3 


0.16 


1 1 . Upper Spencer Gulf 


0.24 


0.14 


0.07 


0.28 


0.17 


0.00 


1 2. Laeapede Bay 


4.46 


3.5 1 


3.15 


0.86 


0.67 


0.61 



the South Australian Sea suggested that swell 
prediction formulae could he obtained. The set 
(150 . 160°, 175*. 100°. 200 n . 2 15 n . 222 c . 230\ 
237' \ 245 u . 253 u and 260 4 was chosen from SWAN 
ni ns as representative of the swell energy window 
from which waves propagate. and the NWH was 
determined at selected grid points. Using the twelve 
runs, a polynomial of order 4 was fitted at each grid 
point to inlerpolale NWH over the range of 
propagation directions* D 0 = 1.50° - 260 *. 

NWH = <f,|/V + a y D t f + + ail),, + </„ (2) 



“'I tie am ho is accept no liability on the use of information given m 
I hi* paper 

1 H MyRison. f'. (1997) I'mlecitng Dull Si. Vinmil: A Statement on 
its Health and Future. Department of Environment and Natural 
Kesotirecs. Ailelaide. 1997. I unpub.). 



The coefficients are shown in Table 1 lor the 
positions in the South Australian Sea illustrated in 
Fig. 2. It is emphasised that, lor the coastal sites, eqn 
(2) predicts the incoming swell heights outside the 
surf /.one at a depth of 10 m. Table 1 allows a simple 
calculation of swell heights to he made using die 
deep sea swell height and direction from the WAM 
model output, over the range of directions for which 
significant swell energy propagates into the South 
Australian Sea. 

The travel time, r in h, for swell over a distance. <7 
in km, assuming deep water wave conditions, is 

r-0.l« f/ / 7 13) 

in which 7 is the swell period. For a representative 
travel distance of 350 km, and a swell period of 13 s, 
i - 5 It. and hence real time forecasts for swell 
conditions can be obtained from the sis hourly 
wuvcllelds available from ihc Bureau of 
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Meteorology (Bureau of Meteorology. 1999 7 ). It is 
suggested dial input parainelers he taken from the 
WAV! output at the 37 "S and I35°n grid point 10 . 

The corresponding maximum bottom orbital 
velocities, U, due to I he swell can he calculated from 
a|H (2) using the formula 

u = x t/r s\h\\(Ui) 

in which h is the water dcpih nmj A is I he 
wavenumber ol the swell, which can he determined 
I'roni the approximate formula (Fenlon I MOO) 




in which g is the acceleration due to gravity, I he 
swell heights (//*>„) and maximum bottom orbii.il 
velocities {U\,) lot an open ocean swell of 5 m 
propagating Fiom the directions (!},) discussed in the 
previous section me icpresentalive nf the most 
severe swell conditions likely to he encountered in 
the South Australian Sea (Table I ), 



Conclusion 

I his study uses state of the art wave modelling to 
show the propagation ol swell into the South 
Australian Sea. An obvious application is real time 
swell forecasting for mariners and surfers. The 
SWAN model can he also run In forecasl the wind 
wave spectrum generated by local winds bul this is 
beyond the present scope. 

T l lie intrinsic interest of swell is its rule in scdimenl 
i nu i sport processes at the sea bottom, The example 
ol Table 1 illnstrales that a severe swell event 
generates very significant bottom orbital motion 
which resuspends sediment particles into the water 
column which may then he transported by tidal and 
wind driven currents. In order to describe the 
sediment transport process in coastal areas, it is 
essential to determine the swell climate jiecuratciy. 
The results of thi* wave study, along willi developed 
sediment ^suspension tools, will help significantly 
|o advance the understanding of sediment and 
particulate transport processes in regions of concern 
within the South Australian Sea, for example, the 
Adelaide metropolitan coastline {Wynne 1984) and 
the mouth of the River Muiray (Harvey |9%). and 
provide a framework for its future management 
(Harbison IW 1 ). 
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